Bacteria can become resistant to antibiotics by genetic mutation, transfer of resistance genes from resistant to susceptible organisms or phenotypic adaptation. These changes can modify and unbalance bacterial metabolism, resulting in higher metabolic costs. Therefore, antibiotic resistance is often associated with a decrease in fitness compared to their susceptible counterpart in the absence of the antibiotic (1). To study the development of antibiotic resistance, the gene expression profile andphysiological parameters were compared between an amoxicillin resistant E. coli strain and the wildtype it was derived from by growing it at increasing concentrations of the antibiotic(2).
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The specific glucose consumption of growing cells in chemostat cultures initially increased after adding subinhibitory concentrations of amoxicillin but was reduced again afterwards. This indicates thatan adaptation process results in reduction of metaboliccosts.Furthermore, no difference in maintenance energy was observed between resistant and sensitive cells, also suggesting that the organism undergoes complex metabolic adaptations resulting in the reduction of the metabolic burden.
Growth of the wild-type in the presence of a sub-lethal concentration of amoxicillin (1 mg/l) did not alter expression levels significantly. The expression of 111 genes was altered persistently in resistant cells grown in the absence of the antibiotic compared to the wildtype. Exposure to sub-lethal concentrations of amoxicillin (150 mg/l) resulted in an increase of the number of differentially expressed genes to 242. Mostly genes involved in the cell wall maintenance, DNA repair, cellular stress response and respiration and the electron transport chain were affected by the induction of resistance. Surprisingly, in resistant cells neither the ROS nor the SOS response genes were up regulated when compared to the wild type regardless of the presence or absence of amoxicillin. Expression of other cellular regulatory mechanisms such as the pH or salt regulation were down regulated, resulting in reduced salt and pH tolerance. The absence of these defense or regulatory mechanisms may be part of an energy saving mechanism. This would bein agreement with the observed initial increase and subsequent decrease of the specific glucose consumption in growing cultures exposed to amoxicillin.
The results indicate rather specific changesin the metabolism of cells that become resistant to amoxicillin and thereby demonstrate the ability of E. coli to modify metabolic networks in order to reduce metabolic costs. These modifications in expression level persist even after growth for many generations in the absence of the antibiotic.
